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PLASTIC DUAL- IN-LINE PACKAGING (PDIP) 
HAVING ENHANCED HEAT DISSIPATION 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to die packaging, 
and, more particularly, to a plastic dual-in-line 
packaging (PDIP) having enhanced heat dissipation. 
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BACKGROUND OF THE INVENTION 

Plastic dual-in-line packaging (PDIP) is a typical 
die or chip package using pin- through-hole (PTH) 
technology. PDIP packages include various numbers of 
pins, or leads. For example, common PDIP packages 

include 28 -pin PDIPs and 40-pin PDIPs. PDIP packages are 
widely used for low cost and hand- inserting applications. 
In addition, PDIP packages are relatively large, and thus 
are often used where small size is not a high priority. 
PDIP packages broad application includes consumer 
products, automotive devices, logic, memory ICs, micro- 
controllers, logic and power ICs, video controllers 
commercial electronics and telecommunications. 

As dies (or chips) have become smaller and more 
dense, the heat generated during the operation of such 
dies has increased accordingly. As a result, the . amount 
of power that can be applied to a PDIP die is often 
limited by temperature concerns caused by the heat 
generated by the die. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, a plastic 
dual -in- line packaging (PDIP) having enhanced heat 
dissipation. According to one embodiment, an electronic 
5 device comprising a plastic dual-in-line packaging (PDIP) 

package structure is provided. The PDIP package 

structure includes a mold structure, a die disposed 
within the mold structure, and a die attach pad coupled 
to the die. The die attach pad has a first surface 

10 exposed from the mold structure. 

According to another embodiment, an electronic 
device including a plastic dual -in-line packaging (PDIP) 
package structure and a conductive structure adjacent the 
PDIP package structure is provided. The PDIP package 

15 structure includes a mold structure having a first 

surface, a die disposed within the mold structure, and a 
die attach pad coupled to the die. The die attach pad 
has a first surface exposed from and substantially flush 
with the first surface of the mold structure. The PDIP 

2 0 package structure also includes a plurality of conductive 

leads and a conductive portion disposed at least 
substantially within the mold structure. The conductive 
portion is coupled to the die attach pad and a portion of 
the plurality of leads such that heat is removed from the 

25 die via the die attach pad, the conductive portion and 

the portion of leads. The conductive structure adjacent 
the PDIP package structure is in thermal communication 
with the exposed first surface of the die attach pad such 
that heat is removed from the die via the die attach pad 

30 and the conductive structure. 

According to yet another embodiment, a method of 
forming an electronic device is provided. The method in 
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includes forming a plastic dual-in-line packaging (PDIP) 
package structure by providing a die attach pad, 
attaching a die to the die attach pad, and forming a mold 
structure at least substantially around the die such that 
the die attach pad has a first surface exposed from the 
mold structure. 

Various embodiments of the present invention may 
benefit from numerous advantages. It should be noted 
that one or more embodiments may benefit from some, none, 
or all of the advantages discussed below. 

One advantage is that in one embodiment, a surface 
or portion of the die attach pad in a PDIP package is 
exposed from the generally insulative mold compound of 
the PDIP package, thus allowing increased heat transfer 
away from the die through the die attach pad. The 
exposed portion of the die attach pad may be exposed to 
the surrounding air, which allows for heat dissipation to 
the surrounding environment. Alternatively, the exposed 
portion of the die attach pad may be thermally coupled to 
a conductive portion of a motherboard or a heat sink, 
thus providing a conductive path for heat transfer or 
dissipation away from the PDIP die. 

Another advantage is that a conductive region may be 
provided to couple a number of the leads of the PDIP 
package to the die attach pad, thus providing another 
conductive path for heat transfer or dissipation away 
from the PDIP die. This heat dissipation is particularly 
important for dies or chips that generate relatively 
large amounts of heat, such as small or dense chips. 

Other advantages will be readily apparent to one 
having ordinary skill in the art from the following 
figures, descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and for further features and advantages, 
reference is now made to the following description, taken 
5 in conjunction with the accompanying drawings, in which: 

FIGURE 1 illustrates a top view of a plastic dual- 
in-line packaging (PDIP) in accordance with one 
embodiment of the present invention; 

FIGURE 2 illustrates a cross-sectional view of the 
10 PDIP package taken along line A- A in FIGURE 1 in 

accordance with one embodiment of the present invention; 

FIGURE 3 illustrates a cross-sectional view of the 
PDIP package taken along line A-A in FIGURE 1 in 
accordance with another embodiment of the present 
15 invention; 

FIGURE 4 illustrates a top view of another PDIP 
package in accordance with another embodiment of the 
present invention; and 

FIGURE 5 illustrates a cross- sect ional view of the 
20 PDIP package taken along line B-B in FIGURE 1. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Example embodiments of the present invention and 
their advantages are best understood by referring now to 
FIGURES 1 through 5 of the drawings, in which like 
numerals refer to like parts. 

FIGURE 1 illustrates a top view of a plastic dual- 
in-line packaging (PDIP) package 10 in accordance with 
one embodiment of the present invention. PDIP package 10 
includes a die 12 coupled to a die attach pad 14, a 
plurality of conductive leads 16, and a mold structure 
18 . 

Die 12, which may be called a chip or microchip, may 
be any type of semiconductor device, such as an ASIC, a 
CPLD, a Flash device, an FPGA, a microcontroller, or an 
SOC, for example. Die 12 includes a number of contact 
points 2 0 to which conductive wires 22 are attached to 
create connections with various leads 16. Conductive 
wires 22 are formed from one or more suitable conductive 
materials, such as copper, gold or aluminum, for example. 
Conductive wires 22 may be relatively thin wires. For 
example, in one embodiment, wires 22 have a diameter of 
approximately 1 mil. 

Die attach pad 14 generally attaches die 12 to mold 
structure 18 . Die attach pad 14 may be formed from one 
or more conductive materials, such as copper, gold or 
aluminum, for example. Die 12 is coupled to die attach 
pad 14 by a die attach adhesive, as discussed below with 
reference to FIGURE 2 . It should be understood that in 
other embodiments, two or more dies 12 may attached to 
the die attach pad 14 of a PDIP package. 

A row of conductive leads (or pins) 16 is provided 
on each side of PDIP package 10. In the embodiment shown 
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in FIGURE 1, PDIP package 10 is a 40-pin PDIP and thus 
includes forty leads 16. However, in other embodiments, 
PDIP may include any suitable number of leads 16. For 
example, PDIP package 10 is a 28-pin PDIP. Leads 16 are 
formed from one or more conductive materials, such as 
copper, gold or aluminum, for example. A portion of the 
leads 16, which may be referred to as active leads 30, 
are connected to die 12 by one or more conductive wires 
22, as discussed above. 

Another portion of the leads 16, which may be 
referred to as inactive leads 32, are connected to die 
attach pad 14 by a conductive region or portion 34 formed 
on each side of die attach pad 14 . Thus inactive leads 
32 are effectively ground leads. Conductive regions 34 
are formed from any one or more suitable conductive 
materials, such as copper, gold or aluminum, for example. 
Conductive regions 34 may be integral with inactive leads 
32 and/or die attach pad 14. For example, conductive 
regions 34 may be formed as an extension of die attach 
pad 14. As another example, die attach pad 14, inactive 
leads 32, and conductive regions 34 may be formed as an 
integral structure . 

Mold structure 18, represented by the dotted line in 
FIGURE 1, is formed partially or completely around each 
of die 12, die attach pad 14, wires 22, active leads 30, 
inactive leads 32, and conductive regions 34. Mold 
structure 18 disposed on the top side of package 10 is 
shown transparently in FIGURE 1 in order to provide a 
better view of the various components within package 10 . 
Mold structure 18 may be formed from one or more 
generally non- conductive materials, such as one or more 
plastics . 
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Together, the conductive die attach pad 14, 
conductive regions 34, and conductive inactive leads 32 
provide a conductive path for heat generated by die 12 to 
be transferred or dissipated away from die 12 . As a 
result, more power may be applied during the operation of 
die 12, which is desirable in many applications. This 
heat dissipation has become increasingly importance as 
the density of chips 12 has increased over time. 

In the embodiment shown in FIGURE 1, active leads 3 0 
include the leads 16 near a first end 40 and a second end 
42 of PDIP package 10, and inactive leads 32 include the 
leads 16 in between the active leads 30 near the first 
and second ends 40 and 42 of package 10. In alternative 
embodiments, active leads 3 0 may include any suitable 
number and configuration of leads 16. For example, in 
one embodiment discussed below and shown in FIGURE 4, the 
leads near a first end of the PDIP package are configured 
as active leads, while the leads near a second end of the 
PDIP package are configured as inactive leads used for 
dissipating heat from the die. 

FIGURE 2 illustrates a cross-sectional view of PDIP 
package 10 taken along line A- A in FIGURE 1 in accordance 
with one embodiment of the present invention. Die 12 is 
coupled to die attach pad 14 by a die attach adhesive 48, 
such as an epoxy. As discussed above, mold structure 18 
is formed partially or completely around die 12, die 
attach pad 14, wires 22, active leads 30, inactive leads 
32, and conductive regions 34. However, PDIP package 10 
is configured such that a first, or bottom, surface 50 of 
die attach pad 14 is exposed from the bottom portion of 
mold structure 18. In this embodiment, surface 50 of die 
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attach pad 14 is exposed from and substantially flush 
with a first, or bottom, surface 52 of mold structure 18. 

Conductive regions 34 are configured such that die 
attach pad 14 and die 12 may be formed near the bottom 
portion of package 10. In particular, conductive regions 
34 may be angled relative to die attach pad 14 and/or may 
include one or more bends in order to connect inactive 
leads 32 with die attach pad 14. 

Because surface 50 of die attach pad 14 is exposed 
from the generally non -conductive mold structure 18, 
additional heat may be transferred or dissipated away 
from die 12 via die attach pad 14. In some embodiments, 
surface 50 of die attach pad 14 is exposed to the 
surrounding air, which allows for heat dissipation via 
conduction, convection and/or radiation to the 
surrounding environment. In other embodiments, such as 
shown in FIGURES 2 and 3, surface 50 of die attach pad 14 
is contacted by another conductive structure in order to 
transfer heat away from die 12 . 

In the embodiment shown in FIGURE 2, surface 50 of 
die attach pad 14 is disposed in contact with a 
conductive portion 54 of a motherboard 56. Thus, heat 
generated by die 12 is transferred through die attach pad 
14 and into conductive portion 54 of motherboard 56, in 
addition to the heat transfer discussed above with regard 
to FIGURE 1 (heat transfer from die 12 to die attach pad 
14 to conductive regions 34 and to inactive leads 32) . 

FIGURE 3 illustrates a cross-sectional view of PDIP 
package 10 taken along line A-A of FIGURE 1 in accordance 
with another embodiment of the present invention. Like 
the embodiment shown in FIGURE 2, mold structure 18 is 
formed partially or completely around die 12, die attach 
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pad 14, wires 22, active leads 30, inactive leads 32, and 
conductive regions 34. However, in the embodiment shown 
in FIGURE 3, PDIP package 10 is configured such that a 
first, or top, surface 60 of die attach pad 14 is exposed 
from the top portion of mold structure 18. In 
particular, surface 60 of die attach pad 14 is exposed 
from and substantially flush with a first, or top, 
surface 62 of mold structure 18. 

Conductive regions 34 are configured such that die 
attach pad 14 and die 12 may be formed near the top 
portion of package 10. Again, conductive regions 34 may 
be angled relative to die attach pad 14 and/or may 
include one or more bends in order to connect inactive 
leads 32 with die attach pad 14. 

As discussed above with regard to surface 50 of the 
embodiment shown in FIGURE 2, because surface 60 of die 
attach pad 14 is exposed from the generally non- 
conductive mold structure 18, additional heat may be 
transferred or dissipated away from die 12 via die attach 
pad 14. In some embodiments, surface 60 of die attach 
pad 14 is exposed to the surrounding air, which allows 
for heat dissipation via conduction, convection and/or 
radiation to the surrounding environment. In other 
embodiments, such as shown in FIGURES 2 and 3, surface 60 
of die attach pad 14 is contacted by another conductive 
structure in order to transfer heat away from die 12 . 

In the embodiment shown in FIGURE 3, a heat sink 64 
is disposed in contact with the surface 60 of die attach 
pad 14. Thus, heat generated by die 12 is transferred 
through die attach pad 14 and into heat sink 64, in 
addition to the heat transfer discussed above with regard 
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to FIGURE 1 (heat transfer from die 12 to die attach pad 
14 to conductive regions 34 and to inactive leads 32) . 

FIGURE 4 illustrates a top view of another PDIP 
package 10A in accordance with another embodiment of the 
present invention. PDIP package 10A includes a die 12A 
coupled to a die attach pad 14A, a plurality of 
conductive leads 16A, and a mold structure 18A. 

Die 12A includes a number of contact points 20A to 
which conductive wires 22A are attached to create 
connections with various leads 16A. Die attach pad 14A 
generally attaches die 12A to mold structure 18A. Die 
12A is coupled to die attach pad 14A by a die attach 
adhesive, as discussed below with reference to FIGURE 5. 

A row of conductive leads (or pins) 16A is provided 
on each side of PDIP package 10A. A portion of the leads 
16A, which may be referred to as active leads 30A, are 
connected to die 12A by one or more conductive wires 22A, 
as discussed above. Another portion of the leads 16A, 
which may be referred to as inactive leads 32A, are 
connected to die attach pad 14A by a conductive region or 
portion 34A coupled to, or integral with, a first side 
100 of die attach pad 14A. Thus inactive leads 32A are 
effectively ground leads. In the embodiment shown in 
FIGURE 4, inactive leads 32A include the leads 16A near a 
first end 40A of PDIP package 10A, and active leads 30A 
include the remaining leads 16A provided by package 10. 

Conductive region 3 4A is formed from any one or more 
suitable conductive materials, such as copper, gold or 
aluminum, for example. Conductive region 34A may be 
integral with inactive leads 32A and/or die attach pad 
14A. For example, conductive region 3 4A may be formed as 
an extension of die attach pad 14A. As another example, 
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die attach pad 14A, inactive leads 32A, and conductive 
region 34A may be formed as an integral structure. In 
some embodiments, such as the embodiment shown in FIGURE 
4, conductive region 34A includes a transition region 102 
which provides a transition from die attach pad 14A to 
the remainder of conductive region 34A. 

Mold structure 18A, represented by the dotted line 
in FIGURE 4, is formed partially or completely around 
each of die 12A, die attach pad 14A, wires 22A, active 
leads 3 OA, inactive leads 32A, and conductive region 34A. 
Mold structure 18A disposed on the top side of package 
10A is shown transparently in FIGURE 4 in order to 
provide a better view of the various components within 
package 10A. 

Together, the conductive die attach pad 14A, 
conductive region 34A, and conductive inactive lead 32 
provide a conductive path for heat generated by die 12A 
to be transferred or dissipated away from die 12A, which 
may be advantageous as described above with reference to 
FIGURE 1 . 

FIGURE 5 illustrates a cross-sectional view of the 
PDIP package taken along line B-B of FIGURE 1. Die 12A 
is coupled to die attach pad 14A by a die attach adhesive 
48A, such as an epoxy. As discussed above, mold 

structure 18A is formed partially or completely around 
die 12A, die attach pad 14A, wires 22A, active leads 30A, 
inactive leads 32A, and conductive regions 34A. However, 
PDIP package 10A is configured such that a first, or 
bottom, surface BOA of die attach pad 14A is exposed from 
the bottom portion of mold structure 18A. In this 
embodiment, surface 50A of die attach pad 14A is exposed 
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from and substantially flush with a first, or bottom, 
surface 52A of mold structure 18A. 

Conductive region 34A, including transition region 
100, is configured such that die attach pad 14A and die 
12A may be formed near the bottom portion of package 10A. 
In particular, transition region 100 is angled relative 
to die attach pad 14A in order to connect inactive leads 
32A with die attach pad 14A. Conductive region 34A may 
include other suitable bends or angled portions in order 
to connect inactive leads 32A with die attach pad 14A. 

Because surface 50A of die attach pad 14 is exposed 
from the generally non- conductive mold structure 18A, 
additional heat may be transferred or dissipated away 
from die 12A via die attach pad 14A, as discussed above 
with regard to FIGURE 2. In some embodiments, surface 
50A of die attach pad 14A is exposed to the surrounding 
air, which allows for heat dissipation via conduction, 
convection and/or radiation to the surrounding 
environment. In other embodiments, surface 50A of die 
attach pad 14A is contacted by another conductive 
structure in order to transfer heat away from die 12A. 

In the embodiment shown in FIGURE 5, surface 50A of 
die attach pad 14A is disposed in contact with a 
conductive portion 54A of a motherboard 56A. Thus, heat 
generated by die 12A is transferred through die attach 
pad 14A and into conductive portion 54A of motherboard 
56A, in addition to the heat transfer discussed above 
with regard to FIGURE 4 (heat transfer from die 12A to 
die attach pad 14A to conductive regions 34A and to 
inactive leads 32A) . 

Although embodiments of the invention and its 
advantages have been described in detail, a person 



ATTORNEY DOCKET NO. 
TI -3 684 7 (032 3 50 . B570) 



PATENT APPLICATION 



14 



skilled in the art could make various alterations, 
additions, and omissions without departing from the 
spirit and scope of the present invention as defined by 
the appended claims . 



